The 26 Note that: 27 = 12 + 15 = 6+6 + 6/\6 27 = 8+8 + 8 + 3 = 6+6 + 2+2+8+3 Details about some material mentioned on the above chart can beseen on these web pages: PHI, as to which Joseph Polchinski says"... The massless dilaton appears in the tree-level spectrum ofevery string theory, but not in nature: it would mediate along-range scalar force of roughly gravitational strength.Measurements of the gravitational force at laboratory and greaterscales restrict any force with a range scalar Dilatons
Lie algebras http://www.innerx.net/personal/tsmith/Lie.html -Internal Symmetry Space http://www.innerx.net/personal/tsmith/See.html -Segal Conformal theory http://www.innerx.net/personal/tsmith/SegalConf.html greater than a fewmillimeters ( corresponding to a mass of order of 10^(-4) eV ) tobe several orders of magnitude weaker than gravity, ruling out amassless dilaton. ...". In the , Dilatons could through and through the and the and related ; and D4-D5-E6-E7-E8VoDou Physics model get an effectively realmass dimensionalreduction of spacetime X-scalarHiggs field of SU (5) Represent the size/scale of each dimension as a radius R, with R =infinity representing a flat large-scale dimension. Let Lpl denotethe Planck length, the size of the lattice spacing in the version of the . Joseph Polchinski says "... as R ->infinity winding states become infinitely massive, while the compactmomenta go over to a continuous spectrum. ... at the opposite limit R-> 0 ... the states with compact momentum become infinitelymassive, but the spectrum of winding states ... approaches acontinuum ... it does not cost much energy to wrap a string around asmall circle. Thus as the radius goes to zero the spectrum againseems to approach that of a noncompact dimension. ... In fact, theR-> 0 and R-> infinity limits are physically identical. 
M(atrix) theory description of bosonicstrings bosonic YangMills theory intwenty-six dimensions is rather special

M(atrix)string theory
The bosonic strings also have D-brane extended solitons ...whose tension scales as 1 / gB for weak string coupling gB<< 1. Given the observation that the leading order stringeffective action of and antisymmetrictensor field , let us make an assumption that the 27-th `quantum'dimension decompactifies as the string coupling gB becomes large.For D0-brane, the dilaton exchange force may be interpreted as the27-th diagonal component of d = 27 metric. Gravi-photon issuppressed by compactifying 27-th direction on an rather than on a circle. Likewise, its mass may be interpreted as 27-th Kaluza-Klein momentum of amassless excitation in d = 27. In the infinite boost limit, thelight-front view of a bosonic string is that infinitely manyD0-branes are threaded densely on the bosonic string. ...".
graviton, dilaton may be derived from an Einstein gravity in d =27
orbifold[ such as S1 / Z2 ] Gary T. Horowitz and Leonard Susskind, in their paper ,Bosonic M Theory, say: hep-th/0012037 "... The possibility that was ... discussed ...[ by Soo-Jong Reyin his paper ]... in the context of a proposed matrix string formulation.... We conjecture that there exists a strong coupling limit ofbosonic string theory which is related to the 26 dimensionaltheory in the same way that is related to superstring theory. More precisely, webelieve that . The line intervalbecomes infinite in the strong coupling limit, and this mayprovide a stable ground state of the theory. ...
the bosonic string has a 27dimensional origin
hep-th/9704158 11 dimensional Mtheory bosonic string theory is the compactification on aline interval of a 27 dimensional theory whose low energy limitcontains gravity and a three-form potential we ... argue that the tachyon instability may be removed inthis limit. ... The main clue motivating our guess comes from theexistence of the dilaton and its connection to the couplingconstant. ... Evidently, as in , the dilaton enters the action just as it would if itrepresented the compactification scale of a Kaluza Klein theory.We propose to take this seriously and try to interpret . We will refer to this theory as . ...
IIA stringtheory bosonicstring theory as a compactification of a 27 dimensionaltheory bosonic Mtheory
Closed bosonic string theory does not have a massless vector.This means it cannot be a compactification on an S1 . ...Accordingly, we propose that . ...
closed bosonic string theory is a compactification of27 dimensional bosonic M theory on [an orbifold ] S1 / Z2
In the bosonic case, since there are no fermions or chiralbosons, there are no anomalies to cancel. So there are no extradegrees of freedom living at the fixed points. ... the weaklycoupled string theory is the limit in which the compactificationlength scale becomes much smaller than the 27 dimensional Plancklength and the strong coupling limit is the decompactificationlimit. The 27 dimensional theory should contain membranes but nostrings, and would not have a dilaton or variable coupling strength. The usual bosonic string corresponds to a membranestretched across the compactification interval. ...
... In order to reproduce the known spectrum ofweakly coupled bosonic string theory, bosonic M theory will haveto contain an additional field besides the 27 dimensionalgravitational field, namely a three-form potential CFT. Let usconsider .
the lowenergy limit of bosonic M theory ... is a gravity theory in 27dimensions the various massless fields that would survive in theweak coupling limit First of all, there would be the . As usual, general covariance in 26 dimensionswould insure that it remains massless.
dimensionalgraviton
The component of the 27 dimensional gravitational fieldg27;27 is a . It isof course the . No symmetry protects the mass ofthe dilaton. In fact we know that at the one loop level adilaton potential is generated that lifts the dilatonic atdirection. Why the mass vanishes in the weak coupling limit isnot clear.
scalar in the 26 dimensional theory dilaton
Massless vectors have no reason to exist since there is notranslation symmetry of the compactification space. This isobvious if we think of this space [ the 15/7/02 12:42 PM] as a line interval. orbifold S1 / Z2 ...[ with respect to ]... Even if27 dimensional flat space, M27, is a stable vacuum, one mightask what is the "ground state" of the theory at finite string coupling, or finite compactification size? Tachyon condensationis not likely to lead back to M27, and there is probably nostable minimum of the tachyon potential in 26 dimensions ...Instead, we believe . It is an old ideathat quantum gravity may have an essentially topological phasewith no metric. We have argued that the tachyon instability isrelated to nucleation of "bubbles of nothing" which iscertainly reminiscent of zero metric. tachyons tachyon condensation may lead to anexotic state with zero metric guv = 0 ... As an aside, we note that there is also a brane solution of26 dimensional bosonic string theory which has both electric andmagnetic charge associated with the three-form H. It is a 21-branewith fundamental strings lying in it and smeared over theremaining 20 directions. Dimensionally reducing to six dimensionsby compactifying on a small T 20 , one recovers the usual selfdual black string in six dimensions. ... ... We have proposed that a . One recovers the usual bosonic string bycompactifying on andshrinking its size to zero. In particular, a Planck tension2-brane stretched along the compact direction has the right tension to be a fundamental string. This picture offers aplausible explanation of the tachyon instability and suggests thatuncompactified 27 dimensional flat space may be stable. A definiteprediction of this theory is , which should be its holographic dualfor AdS4 x S23 boundary conditions. ... if there does not exist a2+1 CFT with SO(24) global symmetry, bosonic M theory would bedisproven.
bosonic version of M theoryexists, which is a 27 dimensional theory with 2-branes and21-branes S1 / Z2 the existence of a 2+1 CFT withSO(24) global symmetry ... ? ... webelieve the limit of bosonic M theory compactified on a circle asthe radius R --> 0 is the same as the limit R --> infinity,i.e., the uncompactified 27 dimensional theory. If we compactify bosonic M theory on S1 x ( S1 / Z2 ), and take the second factorvery small, this is a consequence of the usual T-duality of thebosonic string. More generally, it appears to be the onlypossibility with the right massless spectrum. ...".
What kind of theory do we get if we compactify bosonic Mtheory on a circle instead of [ theorbifold S1 / Z2 ] a line interval
Lee Smolin, in , says: "A new matrix model is described, based onthe exceptional Jordan algebra, J3(O). The action is cubic, as inmatrix Chern-Simons theory. We describe a compactification that, weargue, reproduces, at the one loop level, an octonioniccompactification of the matrix string theory in which SO (8) is brokento G2. There are 27 matrix degrees of freedom, which under Spin(8)transform as the vector, spinor and conjugate spinor, plus threesinglets, which represent the two longitudinal coordinates plus aneleventh coordinate. Supersymmetry appears to be related to trialityof the representations of Spin (8) Smolin approaches supersymmetry "... as related to thatpart of the F4 algebra that is generated by Spin (8) Let the 8 be represented by 8-dimensional ,with basis {1,i,j,k,E,I,J,K}, and let the 6 be represented by a6-dimensional subspace, with basis {i,j,k,I,J,K}. Let the two 6s of6+6 be represented as subspaces of the two next-to-diagonal 8s of theJ3(O) matrix:
then the 6/\6 = 15 lines of the 27-line might correspond tothe
in terms of the J3(O) matrix. Here are some more relevantrelationships:
; the Symmetry Group of the 27-line isthe Weyl Group of the Lie Algebra E6 ; the Lie Group E6 is theAutomorphism Group of the 56-dimensional Freudenthal AlgebraFr3(O), which can be visualized as a complexification of the27-dimensional Jordan Algebra J3 (O) can be visualized as a complexification of the , and the Symmetric Space E7 /E6xU(1) 27-dimensional Jordan Algebra J3(O) its Shilov Boundary ; as (1+26)-dimensional S1x J3(O)o, which is very similar to 27-dimensional J3(O)itself the ; AutomorphismGroup of the 27-dimensional Jordan Algebra J3(O) ( which issometimes also denoted H3(O) ) is the Lie Group F4 the Lie Algebra F4 has D4-B4-F4 structure that can bevisualized as of the . a real version of theD4-D5-E6 structure D4-D5-E6-E7-E8VoDou Physics model Metod Saniga's ideas have been referenced by Carlos Castro in ,in which Carlos Castro says: physics/0104016 "... Motivated by the fact that the bosonic membrane isdevoid of anomalies in d = 27, and the supermembrane is anomalyfree in d = 11, and that the anomaly free ( super) string actions( d = 26, 10 ) are directly obtained by a double-dimensionalreduction process of both the world-volume of the ( super)membrane and the target spacetime dimension, where the (super)membrane is embedded, we shall derive rigorously the transfinite Mtheoretical corrections ... to El Naschie's inverse fine structureconstant ... which were based on a transfinite perturbativeHeterotic string theory formalism ...". Although Carlos Castro uses some similar mathematical structures,such as Clifford algebra, his physics model is different from the in a number of respects, such as, particularly, his use of conventionalsuperstring theory instead of using the viewpoint of seeing bosonic strings as WorldLine Worlds in the MacroSpace of the Worlds of the Many-Worlds.
D4-D5-E6-E7-E8 VoDou Physics model D4-D5-E6-E7-E8VoDou Physics model
However, some of the interesting similarities that I perceiveinclude: 15/7/02 12:42 PMsome of Carlos Castro's ideas about Prime Numbers are relatedto , and that the role of Prime Numbers inthe MacroSpace of the Many-Worlds some of his ideas about calculation of such things of theElectroMagnetic Fine Structure Constant are related to the factthat the geometry of the MacroSpace of the ManyWorlds is closelyrelated to the geometry of the Forces and Particles of the ,so that there are similarities among of the , 
D4-D5-E6-E7-E8 VoDou
28-dimensional F-theory with . Jordan algebra J4(Q)
. A physical interpretation of28-dimensional J4(Q) F-theory could be as a theory of SpacelikeBrane-Universes Spacelike Brane-Universes might be considered as Spatial Worlds( ) in a .
3-dimensional Spatial Worlds with respect to the Shilov BoundaryPointlike States, but 3+3-dimensionalComplex Spatial Worlds with respect to theComplex Bounded Domain Stringlike States
Many-WorldsQuantum Theory
28-dimensional F-theory of bosonic strings has thegeometry of E8 /E7xSU(2).
Bosonic string F-theory is described by Jose M Figueroa-O'Farrill,in : his paperF-theory and the universal string theory, hep-th/9704009 "... Let us first consider a bosonic string background.... The graviton couples to the energy-momentum tensor T. If wenow add a U(1) gauge field, it will couple to a vector J. Wetherefore would like to investigate under which conditions thealgebra generated by T and J can be used consistently to define a(generalised) string theory. ... The BRST operator is invariant under the subgroupof the ( 26 +2 ) pseudo-euclidean group of motions which preserves the nullvector v. This is nothing but the ( 25 + 1 ) group, which does not act linearly in Minkowski spacetime but doeson the larger space. conformal Symmetries of the operatorinduce symmetries in the ,hence we would expect that the spectrum should assemble itselfinto representations on the conformal group. We know that thephysical spectrum of the bosonic string only possesses ( 25 + 1 )Poincare covariance, so what happens to the special conformal transformations?
BRST cohomology ... bosonic ghosts ... have a (countably) infinite number ofinequivalent vacua which can be understood as the momenta in oneof two auxiliary compactified dimensions introduced by thebosonisation procedure. The picture changing operator interpolatesbetween these different vacua, commuting with the BRST operatorand thus introducing an infinite degeneracy in the cohomology....
.. the special conformal transformations ... change thepicture. By definition a picture-changing operator is a BRSTinvariant operator which changes the picture, whence the specialconformal transformations are picture-changing operators.
A remarkable fact of this treatment is that the appearance ofthe lorentzian torus is very natural. In other words, by enhancingthe gauge principle on the worldsheet to incorporate the extraU(1) gauge invariance we are forced to reinterpret bosonic stringvacua corresponding to propagation on a given manifold M, aspropagation in a manifold which at least locally is of the form Mx T 2 where T 2 is the lorentzian torus corresponding to thebosons . "... the ... the fields can either be chiral or not. Closed strings are, bydefinition, periodic in sigma, which yields the following normal mode expansion:
closed [super] string ( Type II )
S1a(s,t) = Sum( n = -infinity; n = + infinity ) San exp( -2 i n( t -s ) ) , S2a(s,t) = Sum( n = -infinity; n = + infinity ) S'an exp( -2 i n( t + s ) ) . , containing 11-dimensional supergravity as itslow-energy limit, which reduces to Type IIA [super] string theory (with Kaluza-Klein modes) when compactified on a circle.... the strong coupling limit of 10-dimensional Type IIAsuperstring theory is equivalent to the weak coupling limit of anew 11-dimensional theory [ M-theory ], whose low-energylimit is given by 11-dimensional supergravity. ... Usingperturbation theory around weak coupling in 10-dimensional TypeIIA superstring theory, we would never see 11-dimensional physics,which belongs to the strong coupling region of the theory. ...Mtheory is much richer in its structure than string theory. InM-theory, there is a three-form field Amnp, which can couple to anextended object. We recall that in electrodynamics, a pointparticle acts as the source of a vector field Au. In[open] string theory, the [open] string acts asthe source for a tensor field Buv. Likewise, in M-theory, amembrane is the source for Amnp. ...
M-theory
... Ironically, 11-dimensional supergravity was previouslyrejected as a physical theory because: (a) it was probably nonrenormalizable (i.e., there exists acounterterm at the seventh loop level); (b) it does not possess chiral fields when compactified onmanifolds; and (c) it could not reproduce the Standard Model, because itcould only yield SO(8) when compactified down to fourdimensions. Now we can veiw 11-dimensional supergravity in an entirely newlight, as the low-energy sector of a new 11-dimensional theory,called M-theory, which suffers from none of these problems. Thequestion of renormalizability is answered because the fullM-theory apparently has higher terms in the curvature tensor whichrender the theory finite. The question of chirality is solvedbecause ... M-theory gives us chirality when we compactify on aspace which is not a manifold (such as [ ] line segments). And the problem thatSO (8) orbifoldssuch as S1 / Z2
Note that theD4-D5-E6-E7-E8 VoDou Physics Model solves the problems of11-dimensional supergravity in differentways, but uses many similarmathematical structures and techniques.
Michio 
S: M-theory on S1 / Z2 <---> E8 x E8
Lisa Randall and Raman Sundrum, in their paper ,say: hep-ph/9905221 "... we work on the space . We take therange of PHI to be from -pi to pi; however the metic is completelyspecified by the values in the range 0 PHI pi. The fixed points at PHI = 0, pi... [may] ... be taken as the locations of ... branes ...".
S1 / Z2 < < orbifold
Note that S1 / Z2 can have two different interpretations.
says: "... Z_2 acts in various ways on the circle. Let's think of the circle as the subset {(x,y): x^2 + y^2 = 1} of R^2. Z_2 can act on it like this: (x,y) |-> (-x,-y) and then S^1/Z_2 = which is a manifold, in fact a circle. ... Z_2 also can act on the circle like this: (x,y) |-> (-x,y) and then S^1/Z_2 is an orbifold, in fact a closed interval. ...". , where H is a group ofdiscrete symmetries of a manifold M. ; a coset space M / H The coset is singularat the fixed points of H 2. ... the CFT or string theory produced by the gauging ofa discrete world-sheet symmetry goup H. If the elements of Hare spacetime symmetries, the result is a theory of stringspropagating on the coset space M / H . A non-Abelian orbifoldis one whose point group is non-Abelian. An asymmetric orbifoldis one where H does not have a spacetime interpretation andwhich in general acts differently on the right-movers andleft-movers of the string; 3. ... to produce such a CFT or string theory by gauging H; this is synonymous with the second definitioin of twist.
... ... a duality under which the couplingconstant of a quantum theory changes nontrivially, including thecase of weak-strong duality. ... In compactified theories, theterm S-duality is limited to those dualities that leave the radiiinvariant, up to an overall coupling-dependent rescaling ...
S-duality
...
... a duality in string theory, usually ina toroidally compactified theory, that leaves the couplingconstant invariant up to a radius-dependent rescaling and therefore holds at each order of string perturbation theory. Mostnotable is R --> a' / R duality, which relates string theoriescompactified on large and small tori by interchanging winding andKaluza-Klein states. ... The Lie algebra of this paper is indeed closely relatedto . Inorder to get a well behaved Lie algebra it turns out to benecessary to add some imaginary simple roots to the "Leech roots".This gives the fake monster Lie algebra,which contains the Liealgebra of this paper as a large subalgebra. the monster simple group See , "The monster Lie algebra", Adv. Math. Vol. 83, No.1, Sept. 1990 , for details (but note that the fake monster Liealgebra is called the monster Lie algebra in this paper). The term"monster Lie algebra" is now used to refer to a certain\"=2Z-twisted" version of the fake monster Lie algebra. Themonster Lie algebra is acted on by , and can be used to show that the monstermodule constructed by Frenkel, Lepowsky, and Meurman satisfies the moonshine conjectures; see , "Monstrous moonshine and monstrous Liesuperalgebras", Invent. Math. 109, 405-444 (1992 "... Borcherds algebras arise as certain "physical"subspaces of vertex algebras ... As a class of concrete examplesthe vertex algebras associated with even lattices are constructedand it is shown in detail how affine Lie algebras and the fakeMonster Lie algebra naturally appear. This leads us to theabstract definition of Borcherds algebras as generalized Kac-Moodyalgebras and their basic properties. Finally, the results aboutthe simplest generic Borcherds algebras are analysed from thepoint of view of symmetry in quantum theory and the constructionof issketched. Things become more complicated when we move away from thelattice /\ being Euclidian. Let us consider ... In physics this corresponds to an open bosonicstring moving in 26-dimensional spacetime compactified on a torusso that the momenta lie on a lattice. Calculations in connectionwith the automorphism group of /\25,1 show that ... [the]simple roots generate the reflection group of /\25,1 ... We shallalso call the positive norm simple roots of /\25,1 Leech rootssince Conway has shown that this subset is indeed isometric to theLeech lattice, the unique 24-dimensional even unimodular Euclidianlattice with no vectors of square length two. ... We now define aKac-Moody algebra Linfinity, of infinite dimension and rank ...Linfinity has three generators ... for each Leech root ... theunique 26-dimensional even unimodular Lorentzian lattice /\25,1 ... Let us summarize: We define the fake Monster Lie algebrag/\25,1 to be the Lie algebra with root lattice /\25.1, whosesimple roots are the simple roots of the Kac-Moody algebraLinfinity, together with the positive integer multiples of theWeyl vector ... each with multiplicity 24. ... the fake MonsterLie algebra is not a KacMoody algebra due to the presence of thelightlike simple Weyl roots which violate an axiom for thesealgebras ... Nevertheless, the structure of g/\25,1 resembles a Kac-Moody algebra very well. ... The starting point for the definition of a Monster Lie algebrashould be the fake Monster Lie algebra. We use the fact that theLorentzian lattice /\25.1 can be written as the direct sum of theLeech lattice and the unique two-dimensional even unimodularLorentzian lattice /\1,1. ... the vertex algebra associated withthe Lorentzian lattice /\ 25,1 is the tensor product of thevertexalgebras corresponding to F/\Leech and F/\1,1 . One finds that theLeech lattice gives rise to a vertex operator algebra with conformal vector of dimension 24 and a positive definite bilinearform. Furthermore, F/\Leech = SUM(n 1) Fn/\Leech whereFn/\Leech ... is the eigenspace of L(0) with eigenvalue n+1 andthe dimension of Fn/\Leech is given via the generating function... 
T-duality
